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Tectonic Setting of the Study Area
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Black dots represent the distribution of seismicity from Engdhal et al., [1998];
guaternary volcanoes are depicted as triangles [Simkin and Siebert, 1994];
Bathymetric and topographic data are based on Smith and Sandwell [1997].
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Seismogenic Zone and Earthquake Cycle

1995 M 8.0 Antofagasta Earthquake
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Schematic representation of subduction as used in an elastic
dislocation model. The thrust fault is divided into four major zones. Schematic diagram illustrating the nature of expected
The main behavioral characteristics of each zone associated with surface deformations during the different phases of
different phases of earthquake cycle are summarized in the table. Earthquake cycle.

The figure is adopted from Flick (1997) based on Hyndman and
Wang (1993).

Co-seismic displacements during the M, 8.0 July 30th, 1995

Antofagasta earthquake [Klotz et al.,, 1999]. Measurements were
conducted in 1993 and 1995, three months following the occurence of

Constraints on the viscosity of upper mantle and lower crust and the present-day surface deformation

Modeling Methods

Our main objective will be achieved with the aid of two independent modeling approaches: the first approach is based on an
analytic formulation, which includes viscoelastic-gravitational layered Earth; the second approach will be based on numerical
methods using a 3-D finite element model. The latter model is a further development of the 3-D elastic dislocation model which
we usedto explain present-day surface deformation inour previous work. The first modelis relatively simple and has an analytic
solution characterized with very high numerical accuracy (less than 1 % error) (Fernandez and Rundle, 1994). The second
method, based on 3-D FEM approach, will enable us torepresent the Earth much closer to its reality, including the complicated
slab geometry and lithosphericand mantle stratification.

GPS Derived Velocity Field

Objective

One of the main factors controlling the evolution of the
Andean orogen is the viscosity of the upper mantle and
the lower crust. Constraints onthe viscosity of the Earth
at these depths can be derived from measurements of
crustal deformation that are caused either by post-
glacial reboundor post-seismicrelaxation processes.

Main objective of our proposed work is to constrain the
rheological properties of the upper mantle and the lower
crust ofthe Earth. Thiswillbe achievedusing ourunique
dataset of present-day crustal deformation
measurements that includes post-seismic effects
following the 1995 M, 8.0 Antofagasta and the 1960

M 9.5 Valdivia earthquakes. Since our GPS

measurements were conducted in very different time
periods from the occurrence of the studied events, we
hope to shed some light on time-dependence of post-

seismic relaxation effect.

In addition, the results of our modeling will refine the
estimate of the geometric extent of the seismic coupling
between the subducting Nazca and the overriding South
America plates. Also, our project will provide boundary
conditions for the models of structural evolution of the
Andean orogen developed by other groups within the

SFB.

the event.
\_ J
| -l— ,; —
|
|
278 - ” |
! ,
Antofagasta 30:/7/95 Mw8.0 .
ot .-’f
s S
2
L
!
0°G - Scale
i B
_ 100 km
.4 199595 ——)
& Model —s
20t2 mm/ivyr
s L - - - -
2 7aW T2y mnw Bl W BE W

\.

! GPS Velocity field a year after the occurrence of the event (1995- )

1996) shown as blue vectors. The AEDM predicted velocities are
shown in red. The grid with nodal points depicts the outline of the
locked (seaward) and the transition (landward) zones.

N 4
_ _ Seismogenic zone along the thrust interface deduced from the
Velocity vectors based on 1994, 1995 and 1996 occupations. The Andean Elastic Dislocation Model (AEDM). Vectors represent
epicenters, and the co-seismic rupture areas of 1995 M,8.0 residual velocities obtained by subtracting the inter-seismic signal
Antofagasta and 1960 M,9.5 Chile earthquakes are shown with predicted by the AEDM from the observed velocities. Dashed
white stars and thick dashed lines, respectively. Nazca/South contour lines represent the depth of the subducting Nazca slab
American plate convergence vector is based on the estimate of estimated from Wadati-Benioff zone seismicity [Cahill and Isacks,
Angermannetal.,[1999]. 1992; Cregaeretal., 1995].
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Earthquake Signals
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Spratial Samplin

Temporal and spatial scales
of Earth deformation related
to earthquake processes.
Figure from Dixon [1995].
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various observation techniques
relevant to earthquake studies.
Figure from Dixon [1995].

1960 M 9.5 Valdivia Earthquake
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([ GPS Velocity field two years after the Antofagasta earthquake (1996- )

1997) shown as blue vectors. Note, that the AEDM (red vectors)
explain the observations (blue vectors) considerably better than a year

earlier (see the Figure above).
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Post-seismic motions of the 1960 Valdivia earthquake are still clearly visible in the residual velocity field, 35 years after its occurrence. The residual
velocity field was obtained by subtracting the AEDM predictions from the 1994-1996 observations.

Post-seismic motions of the 1995 Antofagasta earthquake are clearly
visible in the residual velocity field, one year after its occurrence. The
residual velocity field was obtained by subtracting the AEDM
predictions from the 1995-1996 observations.

[ 1°* Method: Coupled viscoelastic-gravitational model (M 1) J [ 2" Method: Three-dimensional finite element model (M2) ]
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Work Plan
st
1" year

In the first year of our project we will concentrate on modeling the observed post-seismic deformation rates using the 1°
Method. Some of the initial parameters for this model are the same as used in our previous work with elastic dislocation
models. However, unlike purely elastic models used in our previous work, the proposed viscoelastic models are
characterized by the time-dependence. To detect the possibility of time dependent variations we intend to include in our
modeling thetime-series fromcontinuous GPS stations located within the two study areas.

2" year

In the second year of our project we will concentrate on modeling the observed pos-tseismic deformation rates using the
second model by Wangetal.. Since the depth extentof the subducting slabinthe2™ model isfar deeper (>400 km)than inthe
1% model , it is important to constrain the precise geometry of the slab to this depth using various independent geophysical
data. We will take into account the new findings regarding the structure of the crust along seismic refraction profiles. For the
Intermediate (50-100 km) depth ranges the geometry of the slab can be constrained using the locations of intra-slab
earthquakes recorded at global and local seismic arrays (Graeber and Asch, 1999; Husen et al., 1999), as well as from
teleseismic receiver function studies (Yuan et al., 2000). During the second half of the 2™ year we intend to switch towards the
more complicated models, where the crustwill include the lower layer with a viscoelastic rheology and the underlying mantle
will consistof severalviscoelastic layerscharacterized by changing rheological properties.

3“year
In the third year of our proposed research we will perform a comprehensive comparison of the results from our two

Independent modelingapproaches. Atthisstage othersubprojects withinthe SFBwill also have importantnew resultsand we
will concentrateon ajoint interpretationincluding publications.
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